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 Abstract 
 Cyperaceae (sedges) are a monocotyledenous angiosperm plant family with 
over 5300 species. Despite their global importance, few, if any, climate change 
studies have been carried out on, or with, Cyperaceae. However, they may be a 
model family on which to base such work. Th ey are of economic, ethnobotan-
ical, conservation and environmental importance, and a wide range of resources 
for Cyperaceae is available. Examples are given of where Cyperaceae may win or 
lose in the climate change stakes. Taxa with C 4  photosynthetic pathways, such as 
 Cyperus rotundus (‘the world’s worst weed ’),  C. longus and members of  Cyperus 
sect.  Arenarii , are potential winners that could considerably extend their distri-
butions. Niche modelling results are presented showing the predicted areas of 
climatic suitability for  C. rotundus (globally) and  C. longus (British Isles) in 2050. 
Furthermore, historical distribution data are presented that show the northward 
range expansion of  C. longus in Britain during the last 100 years. Th e chapter 
highlights the threat of climate change to endemic taxa with restricted distribu-
tions, such as  Carex spp.,  Isolepis spp.,  Khaosokia caricoides and  Mapania spp. 
Th ese appear particularly vulnerable, although, as yet, there is no direct evidence 
of climate change threatening or eliminating taxa. 
 19.1  Introduction 
 Cyperaceae (sedges) are a monocotyledenous angiosperm plant family with 
106 genera and 5387 species (Govaerts et al.,  2007 ). Th ey are placed in the order 
Poales and have a superfi cial similarity to Poaceae (grasses ). Both families have 
much reduced fl owers and are primarily wind-pollinated . Phylogenetic studies 
using DNA sequencing show that Cyperaceae have a sister-group relationship 
with Juncaceae (rushes) (Muasya et al.,  1998 ; Chase et al.,  2006 ) while Poaceae 
are more distantly related. Grasses include some of the world’s most impor
tant crops, such as rice ( Oryza sativa L.), wheat ( Triticum L. spp.) and maize ( Zea 
mays L.). Grasses and sedges combined include some of the world’s worst weeds , 
such as alang-alang ( Imperata cylindrica (L.) Beauv.; Poaceae), purple nutsedge 
( Cyperus rotundus L.; Cyperaceae) and yellow nutsedge ( Cyperus esculentus 
L.; Cyperaceae), giving the Poales top place in the league of economic plants. 
Despite their global importance, few, if any, climate change studies have been 
carried out on, or with, Cyperaceae. Th e aim of this chapter is to demonstrate 
that Cyperaceae may be a model family on which to base climate change work, 
and to give some examples of where Cyperaceae may win or lose in the climate 
change stakes. 
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 19.2  Why are Cyperaceae important? 
 Cyperaceae are the seventh largest family in the angiosperms and third largest 
in the monocotyledons, so there is a wide range of material from which to choose 
for study. Th ey are more or less cosmopolitan in distribution and are absent only 
from the Antarctic mainland. Th ey occur through a wide range of altitudes from 
sea level up to 5000 m in the Himalayas , and are present in a broad range of 
habitats, from high Arctic tundra through to tropical forest, and to seasonally 
wet grasslands. Th ey can be major or even dominant components of many plant 
communities. For example, in the UK, many mire, heath and wetland commu-
nities recognised by the National Vegetation Classifi cation (Rodwell,  2006 ) have 
Cyperaceae as key taxa, such as  Care x elata swamp and  Scirpus cespitosus – 
Eriophorum vaginatum blanket mire (Rodwell,  1991 ,  1995 ), while in East Africa , 
the well-known papyrus ( Cyperus papyrus L.) can totally dominate the margins 
of lakes and wetlands forming an impenetrable, fl oating mass of plants (Haines 
and Lye,  1983 ). 
 Cyperaceae have signifi cant economic and ethnobotanical importance. Nearly 
10% of the family is put to use by humans (Simpson and Inglis,  2001 ; Simpson, 
 2008 ) with the focus of use in the tropics. Th ey can make an important contri-
bution to local and regional economies. For example,  Actinoscirpus grossus (L.f) 
Goetgh. and D. A. Simpson and  Cyperus corymbosus L. have been major contrib-
utors to the rural economy of northeastern Th ailand, where they are cultivated 
and woven into matting and basketry (Simpson,  1992 ), although recent personal 
observations by the fi rst author suggest this is now in decline.  Cyperus corymbosus 
is similarly used in south India (Amalraj,  1991 ). 
 Cyperaceae  also have conservation and environmental importance. Th ey 
are major or even dominant components of wetland habitats. Wetland species 
attract wildlife by providing food and shelter, and the decline of sedge species 
within these types of habitats is a useful indicator of potential habitat damage. In 
terms of ecosystem services they can play a particular role in the maintenance 
and improvement of water quality. Constructed wetlands, artifi cial marshes 
or swamps created for anthropogenic discharge such as wastewater, storm-
water, runoff  or sewage treatment in various parts of the world have included 
Cyperaceae species such as  Baumea articulata (R. Br.) S. T. Blake,  Bolboschoenus 
fl uviatilis (Torr.) Soják,  Cyperus involucratus Rottb. and  Schoenoplectus califor-
nicus (C. A. Mey.) Soják, amongst others. For example, water treatments using 
Cyperaceae have demonstrated up to 92% removal of total nitrogen (Tanner, 
 1996 ) and signifi cant sequestration of metals such as copper (Murray-Gulde 
et al.,  2005 ). 
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 19.3  Resources available 
 Resources available on the family are wide-ranging. Th ere is a large number of 
specimens of Cyperaceae available in the world’s herbaria . A particularly com-
prehensive collection is available at the Royal Botanic Gardens, Kew, UK, where 
research on Cyperaceae has been undertaken since the 1880s and the herb-
arium has  c . 120 000 specimens covering all genera and nearly all species 
( www.kew.org/science/directory/teams/MonocotsII/background.html ). Large and 
important herbarium collections of Cyperaceae are also available at the New York 
Botanical Garden (USA), Missouri Botanical Garden (USA), Muséum National 
d’Histoire Naturelle (France), Institute of Botany, Chinese Academy of Sciences 
(China) and the Royal Botanic Gardens Sydney (Australia ), amongst many others. 
Overall, these build into a vast databank of information about Cyperaceae, which 
can increasingly be accessed online, such as via the Herbarium Catalogue at Kew 
(http://apps.kew.org/herbcat/). 
 Other resources based on herbarium specimens include the World Checklist 
of Cyperaceae (Govaerts et al.,  2007 ), a listing of all accepted names of taxa and 
synonyms in Cyperaceae with distributional information down to Biodiversity 
Information Standards Level 3 of the International Working Group on Taxonomic 
Databases for Plant Sciences (TDWG – Brummitt et al.,  2001 ). Checklists for Level 
3 geographical units can be built in the online version (Govaerts et al.,  2009 ). 
Distribution data from herbarium specimens could be important in understand-
ing past and present distributions of Cyperaceae, which in turn may be linked to 
climate change data. 
 Preliminary conservation status assessments for species, using the 
International Union for Conservation of Nature categories and criteria (IUCN, 
 2001 ), can be made using distribution data. Th is is an exercise which, to date, 
has hardly been undertaken for Cyperaceae , but which is urgently needed. For 
example, we have completed assessments for Th ailand using CATS GIS software 
tools (Willis et al.,  2003 –  www.kew .org/gis/projects/cats), which show that 40 
species out of a total of 250 in Th ailand are in the Vulnerable (VU), Endangered 
(EN) or Critically Endangered (CR) categories (C. A. Couch and D. A. Simpson, 
unpublished). Another 15 are in the Near Th reatened (NT) category. Such assess-
ments serve to highlight taxa that may be particularly vulnerable to climate 
change and where an accelerated programme of conservation assessment is 
required. 
 An understanding of the classifi cation of Cyperaceae and relationships 
between the taxa underpins any biological work on the family. Classifi cations are 
traditionally based on the use of morphological data to delimit groups. However, 
one of the inherent problems of using such data in Cyperaceae is their reduced 
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structure, especially in the infl orescence, which makes it diffi  cult to work out 
homologies within characters. Many earlier workers also saw evolution in the 
family as a linear series of reductions in fl oral complexity. Th is has often followed 
the pattern of treating forest-dwelling genera with a complex fl oral structure (e.g. 
 Scirpodendron and  Mapania ) as ‘primitive’, and genera of predominantly open 
habitats with a simplifi ed structure, such as  Carex , as ‘advanced’ (Kern,  1974 ). 
DNA -based phylogenetic trees have become available over the past decade or so 
(Muasya et al.,  1998 ,  2000 ,  2009 ; Simpson et al.,  2007 ); these have helped to shed 
light on a number of anomalies, and diff erent patterns of relationship are now com-
ing to light. For example, there is strong evidence that Cyperaceae comprises just 
two subfamilies, Cyperoideae and Mapanioideae (Simpson et al.,  2007 ; Muasya 
et al.,  2009 ), rather than the four (Caricoideae, Cyperoideae, Mapanioideae and 
Sclerioideae) previously recognised (Bruhl,  1995 ; Goetghebeur,  1998 ). We now 
also understand that  Carex , the largest genus in Cyperaceae, together with allied 
genera which, for many years, were placed as an isolated ‘advanced group’ in 
their own subfamily or even separate family Kobresiaceae (Gilly,  1952 ), are closely 
related to tribe Scirpeae. Th is relationship was hinted at from a morphological 
standpoint by Dahlgren et al. ( 1985 ) and is clearly supported by molecular data 
(Simpson et al.,  2007 ). 
 While some problems may have been resolved through molecular work, others 
have arisen, such as the placement of  Cyperus species with either the C 3  and C 4  
photosynthetic pathway into diff erent clades despite the lack of unambiguous 
characters separating the C 3 and C 4 species. Despite progress in the phylogenet-
ics and taxonomy of Cyperaceae at tribal level, there is still much more work to 
do at lower taxonomic ranks. Preliminary attempts at dating phylogenetic trees 
that include Cyperaceae have also been made (Bremer,  2002 ) and a recent study 
including most lineages of Cyperaceae show a stem age of the family at about 
87 million years ago (Besnard et al.,  2009 ). Th e recent discovery of  Volkeria mes-
selensis S. Y. Smith, Collinson, D. A. Simpson, Rudall, Marone and Stampanone 
(Smith et al.,  2009 ), a 48-million-year-old fossil mapanioid sedge , should help to 
give more accuracy to the date estimations of major Cyperaceae clades. 
 Finally, there is a range of expertise in the family based in many parts of the 
world. Cyperologists have demonstrated an excellent level of cooperation over 
recent years. Cyperaceae symposia have been held at the Monocots II, III and IV 
conferences in 1998, 2003 and 2008, respectively, and at the International Botanical 
Congress in Vienna, Austria, in 2005. Th e Sedges 2002 Symposium was held at 
Delaware State University in the USA in 2002 (Naczi and Ford,  2008 ). Th ese regular 
gatherings have ensured that our understanding of the family has advanced and 
have been the impetus for the molecular phylogenetic work indicated above (e.g. 
Muasya et al.,  2000 ,  2009 ; Simpson et al.,  2007 ). 
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 19.4  Climate change: examples of potential 
winners and losers in Cyperaceae 
 19.4.1  Potential winner: C 4  photosynthetic pathway and 
 Cyperus rotundus – the world’s worst weed 
 Two patterns of vegetative anatomy are present in Cyperaceae , one with radiate 
chlorenchyma and green chlorenchymatous sheaths within the vascular bundles, 
the other with non-radiate chlorenchyma and vascular bundles surrounded by a 
sheath of colourless cells (Bruhl and Wilson,  2007 ). Th ese diff erences are corre-
lated with the presence, in the former, of the C 4  photosynthetic pathway. Estimates 
of the number of Cyperaceae species with the C 4 pathway vary between 27% (Sage 
et al.,  1999 ) and 34% (Bruhl and Wilson,  2007 ). Within the family the C 4 pathway 
has evolved at least four times (Soros and Bruhl,  2000 ; Christin et al.,  2008 ), giving 
rise to the ‘chlorocyperoid’ (C 4 members of  Cyperus and allied genera), ‘eleochar-
oid’ ( Eleocharis ), ‘fi mbristyloid’ ( Fimbristylis and allied genera) and ‘rhynchospo-
roid’ ( Rhynchospora ) anatomical types. 
 C 4  plants can have an advantage over C 3  plants under conditions of water stress, 
high temperatures and high light intensity (Hopkins and Hüner,  2004 ; Bryson and 
Carter,  2008 ; Bouchenak-Khelladi and Hodkinson,  Chapter 7 ); thus they are better 
adapted to hotter, drier climates. Genera of Cyperaceae with the C 4 pathway are 
particularly found in seasonally wet or drought-prone habitats within the trop-
ics, exhibiting the greatest species diversity within these regions. Th is is exempli-
fi ed by  Cyperus , which has the greatest species diversity in eastern and southern 
Africa , regions which are frequently prone to periodic drought, with associated 
high temperature and light intensity. 
 Cyperaceae contain a number of taxa that are highly aggressive and potent 
weeds . Terry ( 2001 ) estimated this number to be 230 species, while Simpson 
( 2008 ) categorised 168. Among the most widespread and competitive are  Cyperus 
diff ormis L.,  C. esculentus ,  C. iria L.,  C. haspan L.,  C. rotundus and  Fimbristylis 
dichotoma (L.) Vahl. All are pantropical and cause very serious problems for 
agriculture and horticulture (Terry,  2001 ; Bryson and Carter,  2008 ; Simpson, 
 2008 ) throughout their ranges. Four of these species are  C 4 : C. esculentus ,  C. iria , 
 C. rotundus and  F. dichotoma . 
 Cyperus rotundus is the most troublesome and has often been called the world’s 
worst weed (Holm et al.,  1977 ; Terry,  2001 ), because it causes major problems 
in 52 crops in 92 countries, mostly in the tropics and subtropics (Parsons and 
Cuthbertson,  1992 ; Bromilow,  1995 ). It spreads by underground rhizomes and 
tubers; there may be up to 500 plants per m 2 and there may be 53 000 tubers per m 3 
of soil (Parsons and Cuthbertson,  1992 ). Indeed, so successful does this method 
of perennation appear to be that  C. rotundus seldom sets fruit (Kern,  1974 ). It is 
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resistant to many common herbicides and costs the world millions of dollars per 
year in lost production and control measures (Tuor and Froud-Williams,  2002 ). 
 With climate change, the potential for  C. rotundus to move into new regions, 
especially those likely to become hotter and drier, is a serious cause for concern. We 
undertook a preliminary investigation of this potential by developing a niche model 
to determine areas climatically suitable for  C. rotundus in 2050. Th e model was 
built with openModeller v.1.0.7 ( http://openmodeller.sourceforge.net ) using the 
‘GARP with best subsets – new openModeller implementation’ algorithm, with the 
default settings (AUC = 0.83). Distribution data for  C. rotundus were gathered from 
digitised herbarium records accessed from the Global Biodiversity Information 
Facility ( www.gbif.org ). Climate data were as used by Yesson and Culham ( 2006 ; 
 Chapter 12 ) with present-day climate data from the Climate Research Unit (CRU) 
CL1 data set and future climate data based on the Hadley A2c model. Th e future 
model accounts for a moderate increase in carbon dioxide (CO 2 ). 
 Figure 19.1A shows current climatic conditions favourable to  C. rotundus . Th ere 
is a particular concentration in tropical, subtropical and warm temperate regions, 
especially where there is a hot dry period during the year, which would favour 
plants with the C 4  pathway.  Figure 19.1B shows climatic conditions predicted for 
2050. Th e overall pattern is similar, with a focus on present-day tropical to warm 
temperate regions. However, there are some notable diff erences. For example, 
conditions become more favourable further north in Europe up to the English 
Channel and North Sea coasts, with a possible spread into southern England. Th is 
would match with modelled change to hotter drier summers in northern Europe. 
 Cyperus rotundus could therefore present a threat to agriculture in parts of Europe 
where it does not currently occur or where it is non-competitive with crops at the 
present time. Th ere is also some predicted spread northwards in the USA and 
around the southern coasts of Australia . In contrast, conditions are predicted to 
become less favourable in other places, notably a large swathe of South America 
south of the Amazon basin, much of India, parts of Th ailand and Indochina, and 
much of inland Australia. 
 Th ese data must be treated with caution, as the distribution points focus only 
on data currently available through GBIF and are not an accurate representation 
of the worldwide distribution of  C. rotundus (see Culham and Yesson,  Chapter 10 ); 
nor are the models able to account fully for the change in competitiveness of C 4 
and C 3  plants in elevated CO 2  conditions, where the physiological advantage of C 4 
photosynthesis may be less than under current conditions. 
 19.4.2  Potential winner:  Cyperus longus – a C 4  species in the UK 
 Cyperus longus L. is widely distributed from Europe to southern Africa , in the 
Middle East and in parts of Asia . It is present in the UK at the northern limits of 
its range (Collins et al.,  1988 ). It is found in marshy pond margins, often near the 
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coast, but in recent years it has become established at inland sites, where it can 
show vigorous rhizome growth (Jermy et al.,  2007 ).  Cyperus longus is one of the few 
native British C 4  species, and the physiology of  C. longus under low- temperature 
conditions has been the subject of a number of studies (e.g. Jones et al.,  1981 ; 
Collins and Jones,  1986 ,  1988 ). Such studies suggest that leaf extension is very slow 
at lower temperatures, which restricts leaf canopy development and is a factor in 
A 
B 
 Figure 19.1  Areas climatically suitable for  Cyperus rotundus , as determined by a GARP 
niche model within (A) present-day climate and (B) predicted climate for 2050. Present-
day distribution suitability based on the CRU CL1 model and future distribution based on 
the Hadley A2c model. Darker shaded areas indicate higher suitability. Black dots show 
current distribution points. Global climate data are of 0.25 degree resolution and the 
overlying grid is of 30 degree squares. 
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determining the outcome of competition between  C. longus and other species. 
However, small diff erences in relative growth rate at temperatures of 10–30 °C 
result in large diff erences in foliage area between lower and higher temperatures, 
suggesting that the plant can better compete at higher temperatures. 
 Figure 19.2 shows the distribution of  C. longus in the UK from pre-1930 to the 
present day. Before 1930 the species was confi ned to southern England, with one 
record as far north as Lincolnshire. In subsequent years there was an increase in 
the number of records together with a distributional spread northwards. By the 
1970–86 period it had reached Northumberland, and in the 1987–99 period there 
were two records from Scotland. Th e most recent map (2000+) shows one record 
from Scotland and a number of records from northeastern and northwestern 
England, so it appears to be fi rmly established in these regions. 
 Th e northward spread is coincident with an increase in the mean annual tem-
perature across the UK. For pre-1930 the mean annual temperature was  c . 8.5 °C, 
for the 1930–69 period it was  c . 9 °C and for 2000+ it was  c . 9.5 °C (Hulme et al., 
 2002 ). We also prepared a GARP niche model for  C. longus in the UK and Ireland 
to show areas of suitability for the growth of this species under present-day condi-
tions and predicted conditions in 2050, again using data based on the Hadley A2c 
model ( Fig 19.3 ). Th e data show that, at the present time, conditions in the UK are 
highly suitable up to  c . 55° N, whereas by 2050 there is a shift to  c . 56° N, with large 
areas of northern England and southern Scotland becoming highly suitable. 
 At this stage it is uncertain whether the shift of  C. longus further north can be 
directly attributable to the increase in temperature; further studies are necessary. 
Th e situation is made even more complex by the fact that most of the recent records 
are introductions rather than natural occurrences (Jermy et al.,  2007 ).  Cyperus 
longus is frequently grown in gardens as a bog or pond-side plant, and it is possible 
that many of these records represent material of garden origin. Whatever the form 
of spread, it is nevertheless apparent that the plant is now occurring much further 
north than it has done in the past. If this C 4  species can spread in such a way then 
the possibilities of other, more pernicious taxa, such as  C. rotundus and  C. esculen-
tus , getting a foothold in the UK and Ireland would seem to be increasing. 
 19.4.3  Potential winner:  Cyperus sect.  Arenarii 
 Cyperus sect.  Arenarii Kunth ex Jaub. and Spach. is a group of 25 species (e.g. 
 Cyperus conglomeratus Rottb.,  C. crassipes Vahl – Väre and Kukkonen,  2005 ) dis-
tributed from the Mediterranean region to India and Sri Lanka and throughout 
Africa . Many of the species are psammophytic, being adapted to hot, dry condi-
tions, especially deserts and sandy areas on coasts. Th ey have a number of charac-
teristics that help to reduce water loss, including a thick cuticle all over the plant, 
bluish-green coloration and narrow, canaliculate leaves . In common with other 
Cyperaceae they have a reduced infl orescence structure. A characteristic feature 
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 Figure 19.2  Changes in the UK distribution of  Cyperus longus over the past century. 
Distribution data from the Botanical Society of the British Isles (www.bsbimaps.org.
uk/atlas). Th e ‘All Timeframes’ map summarises all the distribution points. Gridded 
shading indicates annual mean temperature data for the relevant time period (except for 
2000+, where data are not available, and therefore 1990s data are shown). Shading is in 
increments of 1 °C (black = 4 °C, white = 9 °C). Data taken from the CRU TS 2.1 global time 
series data sets (Mitchell and Jones,  2005 ). Summary of all distribution data shown in all 
timeframes. 
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 Figure 19.3  Areas climatically suitable for  Cyperus longus in the UK and Ireland . Areas 
determined by a GARP niche model within present-day climate and predicted climate 
for 2050, trained with distribution data from GBIF using present-day climate data. Th is 
model was projected into the predicted climate for 2050 (scenario A2c). Darker shaded 
areas indicate higher suitability. 
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of the perennial species is the long creeping rhizome, which is often densely 
tomentose. Th e rhizome may be deeply buried in sand, and the tomentum prob-
ably helps to reduce water loss and aid survival in conditions of extreme aridity 
(Väre and Kukkonen,  2005 ). Väre and Kukkonen ( 2005 ) noted that some species 
are able to penetrate into the most arid parts of the Sahara where little else sur-
vives. Th e four taxa analysed to date for photosynthetic pathway are all C 4  . All 
members of this group would probably show range extensions if hotter, drier con-
ditions began to prevail outside their current distribution, for example in parts 
of southern Europe. Interestingly, some members of the group, especially  C. con-
glomeratus , are recognised for their sand-binding ability, and are used for that 
purpose in parts of the Middle East (Simpson and Inglis,  2001 ). Th ere could be an 
increasing use of this and other related species in areas that become increasingly 
prone to desertifi cation through climate change. A niche modelling approach, 
based on the distribution data of the taxa in  Cyperus sect.  Arenarii , would again 
be a worthwhile exercise to predict future distribution patterns. 
 19.4.4  Potential losers 
 Th ere is a wide range of taxa that may be under threat from climate change. 
Endemic taxa with restricted distributions appear particularly vulnerable, and 
there are numerous examples of such taxa among the Cyperaceae . It should be 
noted that, at this stage, we have no direct evidence of climate change threaten-
ing or eliminating taxa, and the examples given below are intended to highlight 
potential problems. 
 Mapania is a pantropical genus of  c . 80 species and is a characteristic group of 
the herb layer of ever-wet tropical forests . Simpson ( 1992 ) noted that they occur 
where little light penetrates through the forest canopy, mostly ‘in areas where the 
soil is particularly damp, muddy or peaty or in swampy depressions or by the side 
of pools or streams’. Many species are local endemics with highly restricted distri-
butions; just a few species are widespread: for example  Mapania cuspidata (Miq.) 
Uttien, which occurs throughout Southeast Asia . Whether widespread or restricted 
in distribution they are seldom abundant in any one locality. Engelbrecht et al. 
( 2007 ) observed that drought has a limiting eff ect on tropical plant distributions 
and that in tropical rainforests global warming could result in loss of diversity 
and perhaps species extinction . Drier conditions could, therefore, accelerate the 
decline, and possible extinction, of many  Mapania species throughout the trop-
ics. Of course, other factors could be involved. Simpson ( 1992 ) noted that some of 
the local species may already be extinct through forest clearance, as they seem 
unable to tolerate higher light and lower humidity levels. Th e survival of  Mapania 
spp. may also depend on factors such as dispersal ability of the species and niche 
suitability, but it is not yet known how well  Mapania could migrate with changing 
climate or adapt to new conditions. Further work is necessary. 
CL IM ATE CHA NGE A ND CY PER ACE AE 451
 Khaosokia caricoides D. A. Simpson, Chayam. and J. Parn. was fi rst discovered 
in Khao Sok National Park , Surat Th ani Province, Th ailand, in 2001 (Simpson 
et al.,  2005 ). So far it has only been recorded from one locality, and its habitat 
(crevices on sunny limestone cliff s) is highly unusual for Cyperaceae . It occurs 
in an area once covered by rainforest which was fl ooded to produce a reservoir. 
Prior to that the species would have been inaccessible, growing high up on the 
limestone cliff s. However, the formation of the reservoir has allowed the plant to 
be reached by boat. It could be present in similar limestone habitats elsewhere in 
Th ailand and Malaysia that are so far inaccessible to collectors. Such habitats are 
already threatened by human activity, especially limestone extraction. Human 
activity is unlikely to threaten the known locality for  K. caricoides , because the 
reservoir off ers protection, but other populations, should they exist, could be put 
under pressure. 
 Figure 19.4 shows current and predicted annual mean temperatures for 
Th ailand based on the same climate models used in the niche model for  C. rotun-
dus , above. Th e locality for  K. caricoides is indicated by ‘A’. Th e data suggest that 
 Figure 19.4  Annual mean temperature for Th ailand. Climate data for present and future 
predictions as for  Fig 19.1 . A, only known locality of  Khaosokia caricoides . B,  Carex 
phyllocaula , endemic to Doi Chiang Dao Mountain. 
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temperatures will increase at this locality by 2 °C by 2050. Yusuf and Francisco 
( 2009 ) indicated that Surat Th ani is one of the provinces in Th ailand vulnerable 
to the eff ects of multiple climate change hazards including drought and fl ood, 
while Boonprakrob and Hattirat ( 2006 ) suggested that Khao Sok National Park 
will be adversely aff ected by climate change, based on the UK 89 climate model. 
Moreover, neighbouring Krabi Province will be aff ected by a 10% decrease in 
total annual rainfall by 2033 (WWF,  2008 ) due to a predicted shortening of the 
annual monsoon season over peninusular Th ailand by four weeks. Unfortunately 
we know next to nothing about the ecological requirements of  K. caricoides , but, 
as far as we can tell, rain falling directly onto the cliff s, together with any associ-
ated runoff , is the only way the plant obtains water. Should the climate become 
drier at Khao Sok,  K. caricoides could be aff ected by the reduced amount of rain-
fall it would receive. Simpson et al. ( 2005 ) also demonstrated it to be a C 3  species, 
which suggests it could be less tolerant of hotter, drier conditions. Once again, 
further studies are necessary. 
 Many species of the large and cosmopolitan genus  Carex have restricted distri-
butions. Several species in Th ailand have been shown to have an IUCN conserva-
tion status of VU to CR (C. A. Couch and D. A. Simpson, unpublished data). One 
such example is  Carex phyllocaula Nelmes, which is classifi ed as EN (based on 
Area of Occupancy – IUCN,  2001 ) and is endemic to Doi Chiang Dao, a mountain 
in northern Th ailand. It is found in thickets and open grassy ground at altitudes 
of 1500–2100 m and is only known from a few specimens.  Figure 19.4 shows the 
locality for  C. phyllocaula , marked as ‘B’ on the map. Present-day and predicted 
temperatures are the same. However, there is evidence for a predicted long-term 
decrease in September rainfall over the Indochina peninsula, which includes 
northern Th ailand (Takahashi et al.,  2008 ). Th is may have a longer-term eff ect on 
the vegetation on the mountain, and suitable habitat for  C. phyllocaula may be 
reduced, aff ecting the plant’s survival. Other rare species in Th ailand could be 
similarly aff ected. 
 Other mountain endemic species are known worldwide. For example, three 
species of  Isolepis R. Br.,  I. keniaensis Lye,  I. kilimanjarica R. W. Haines and 
Lye and  I. ruwenzoriensis R. W. Haines and Lye are respectively endemic to 
Mount Kenya, Mount Kilimanjaro and Mount Ruwenzori in East Africa (Haines 
and Lye,  1983 ; Muasya and Simpson,  2002 ). Th ey only occur at high altitudes 
(3650–4350 m) and are known from just one specimen each, an indication 
of their rarity. All are also reported to occur in alpine bogs. Climate change, 
 especially changes in rainfall pattern and/or higher temperatures, could again 
aff ect the composition of the vegetation at these altitudes, perhaps by changing 
species composition or encouraging scrub or forest to move to higher altitudes 
in the mountains. 
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 19.5  Where next? 
 Th ere is much work to be done in order to obtain a comprehensive picture of how 
Cyperaceae will be aff ected by climate change. Indeed, we are just at the start of 
gaining an understanding in this area. We must focus on the distributions of taxa 
and their controlling environmental variables. Some distributions, especially for 
taxa that are common weeds , are well understood and there are many records 
available, either in the literature or from herbarium specimens. Much less is known 
about those with restricted distributions; are they truly rare, or is their perceived 
rarity an artefact due to insuffi  cient collecting? We also need to consider linking 
past and present distributions to diff erent climate change models to see how the 
taxa would be aff ected under various scenarios. Th e preliminary niche modelling 
work with  Cyperus rotundus described above has shown the potential use of such 
techniques. We need a better understanding of the evolution of characters and 
traits to determine how taxa might respond to climate change. Th e occurrence of 
C 3  and C 4  photosynthesis in Cyperaceae needs particular study, as the potential 
for C 4 species to extend their distributions and for the weedy taxa to wreak havoc 
on agricultural systems in temperate regions is high. 
 In all this work, taxonomy and systematics will play a vital role. Both will help to 
provide basic data about taxa, whether on characters and traits or on distributions 
and rarity, as well as a better understanding of the relationships between taxa and 
character evolution. Such research will be needed to underpin planning for agri-
cultural systems and food supplies in Europe and around the world, for planning 
the conservation of biodiversity at global and local scales, and for discovering 
which species may have new uses in the stabilisation of soils and protection from 
erosion of water catchment areas. 
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